’ 
resis 


ALS OF THE NEW YORK ACADEMY OF SCIENCES 


Editor in Chief 
OTTO V. ST. WHITELOCK 
Managing Editor 
FRANKLIN N. FURNESS 


STUDIES ON THE EPIDEMIOLOGY OF HISTOPLASMOSIS 


a 


BY 


ioe 


ss MICHAEL L.FURCOLOW 


THe NEW YORK ACADEMY OF SCIENCES 
: 3 (Pounded in 1817) 


COUNCIL, 1958 


"WAYNE Ww UMBRENT JOHN E. VANCE 


SECTION OF GEOLOGY AND MINERALOGY 


KURT E. LOWE, Chairman ‘FREDERICK P. YOUNG, JR., Secretary 


SECTION OF BIOLOGY 
ALBERT S. GORDON, Chairman _ LOUIS G. NICKELL, Secretary 


DIVISION OF MYCOLOGY 


M. L. LITTMAN, Chairman KARL MARAMOROSCH, Secretary 


_ SECTION OF PSYCHOLOGY 


ELAINE R. GRIMM, Chairman WILLIAM W. CUMMING, Secretary 


SECTION OF ANTHROPOLOGY 


MARGARET MEAD, Chairman ~ DOROTHY C, JENSEN, Secretary 


_ SECTION OF PHYSICS AND CHEMISTRY 
JOSEPH sama, soe LIEBE F, eee Secretary 
F OCEANOGRAPHY AND 


ABRAHAM §, RUSGLAN, Cede CHARLES KNUDSEN, Secretary 


SECTION OF MATHEMATICS AND ane eee 


ig teeth cate | NICHOLAS V. FEODOROFF, Secretary 


Past Presidents ° 


WILLIAM K. GREGORY Hogace. W. STUNKARD HARDEN F. TAYLOR 


VICTOR K, LAMER © L. CROSSLEY ALTER S. ROOT ag 
7 Ow, NIGRELLA bee } 


The Sections and the Division hold shbesicar ae re ly, one evening each <ee 


the academic year, October to May, inclusive. All 


month, a , 
held at the ullding of The New York Academy of Sciences, 2 East Sixtythird ete 


» New York 21, New York, 


elie are also held at irregular intervals at times myetis eg special 


ANNALS OF THE NEW YORK ACADEMY OF SCIENCES 


VOLUME 72, ART. 3 PAGES 127-164 
April 10, 1958 


Editor in Chief 
OTTO V. ST. WHITELOCK 
Managing Editor 
FRANKLIN N. FURNESS 


” 


RECENT STUDIES ON THE EPIDEMIOLOGY OF HISTOPLASMOSIS 
BY 


MICHAEL L. FURCOLOW 


- 


- Kansas City Field Station, Communicable Disease Center, Bureau of State Services, 


United States Public Health Service, University of Kansas Medical Center, 
Kansas City, Kana. 


NEW YORK 
PUBLISHED BY THE ACADEMY 


J ah Pe FY 
Z re 2 “5 o, 4 2 *.-*. 4905 ; 
Copyright, 1958, by The New York Academy of Sciences 
5 ta ; _ ees > ' “avi )'s in we 


t, ~ aa 


~ 


129 


RECENT STUDIES ON THE EPIDEMIOLOGY OF HISTOPLASMOSIS 


By 


MICHAEL L. FURCOLOW 


Kansas City Field Station, Communicable Disease Center, Bureau of State Services, 


United States Public Health Service, University of Kansas Medical Center, 
Kansas City, Kans. 


: In contrast to the many diseases transmitted from person to person 
by contact or by arthropod or other insect or animal vectors, histoplas- 
mosis and coccidioidomycosis appear to be diseases of nature. By this 


I mean that the infecting organisms in these diseases grow freely in the 


soil and are disseminated to human beings through the medium of inhala- 


_ tion of the spores. 


In this presentation it is proposed to limit discussion to three 
phases of the epidemiology. These are: (1) Why are histoplasmosis and 


‘coccidioidomycosis limited geographically? (2) How does Histoplasma 


spread in nature? (3) How does this fungus infect people? 

One of the most distinguishing factors of these two fungus infec- 
tions is their geographic limitation. This is illustrated in ricuRE l, 
which shows the geographic distribution of histoplasmin sensitivity in 
the United States. FicurRE 2 shows the geographic distribution of 


- coccidioidomycosis in the United States as reported by C. E. Smith. 


The first question that arises on viewing these figures is: What are 


the factors limiting the fungus tothe area of high prevalence? Several the- 


ories on the limiting factors in the distribution of coccidioidomycosis have 


_ been proposed. The earliest one, by Emmons,’ was to the effect that the 
distribution of small desert rodents of particular species that carried 


the organism might be responsible for the geographic limitation of the 


_ disease. The most recent theory, proposed by Maddy,” is illustrated in 


oes AN A ee 


FIGURE 3, which shows the geographic distribution of the lower Sonoran 
life zone. This distribution has a similarity to the distribution of the 


~ coccidioidomycosis that is self-evident. The life zone comprises, 


of course, a peculiar set of circumstances in nature characterized by 
certain flora and fauna and by temperature and humidity levels that 


delimit it from other life zones. In general, the lower Sonoran life zone 


is a desert area with very limited rainfall and occupied by cactus and 


creosote bushes. This concept has not been particularly helpful in 


histoplasmosis, since no life zone overlaps at all well the high area of 


130 Annals New York Academy of Sciences 


FIGURE 1, Composite of available data on histoplasmin sensitivity in the 
United States (reproduced by permission of the American Journal of Public 
Health, volume 49, No. 9, September 1956). 


FIGURE 2 Known coccidioidal endemic areas in the United States (re- 


produced by permission of California Medicine, volume 75, page 387, Decem- 
ber 1951), 
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FIGURE 3. Lower Sonoran life zone (reproduced by permission of Keith 
Maddy, Arizona State Department of Health, Phoenix, Ariz.). 


histoplasmin sensitivity, but it does focus attention on certain factors 
of the natural environment that had been investigated prior to this as 
possible limiting factors in histoplasmosis. The theory first proposed 
was the obvious one that the presence of water — that is, the presence 
_ of high incidence of the fungus inthe central river valleys of the United 
_ States (the Mississippi, the Missouri, and the Ohio rivers) —was probably 
associated with the presence of dampness and increasing opportunities 
_ for growth of the fungus. This theory has not been widely accepted be- 
cause of the fact that the sensitivity does not extend all the way up the 
river valleys, nor all the way down the Mississippi river. For reasons 
unknown, the sensitivity terminates at points northward and southward. 
_ The theory that the distribution of histoplasmin sensitivity is in some 
_ way related to the distribution of certain soil types was proposed by 
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: 
Zeidberg® and is illustrated in r1GuRE 4. Zeidberg attempted to corre- 
late histoplasmin sensitivity with the incidence of red-yellow podzolic 
soils. Another theory similar to the earlier one by Emmons on coccid-. 
ioidomycosis holds that the disease may be carried by certain animals” 
and thus transmitted to man, or that the animals may be important 
carriers of the disease, although not infected themselves. FIGURE 5 
shows the presence of sensitivity of various animals compared to that 
of children in one county in Missouri, and r1cuRE 6 shows the com-— 


FIGURE 4. Geographic variations in histoplasmin sensitivity. Distribution 
of red-yellow podzolic soil in the United States (reproduced by permission of 


the American Journal of Tropical Medicine and Hygiene, volume 3, article 6, 
November 1954), : 


Farison of the sensitivity of cattle in a number of counties with that of 
children in the same counties. These figures certainly suggest that 
animals are by no means the vectors, but are probably infected from the 
same source by which the humans are infected. However, there is an- 
other possibility relating to animals, and that is that they may be 
carriers of the disease, although they may not be infected themselves. 
This is suggested by the frequency of reports connecting the excreta of 
chickens, pigeons, bats, and other animals with epidemics. In 23, or 56 
per cent of 41 epidemics, bird excreta was involved; in 16 more, or a 
total of 88 per cent of the epidemics, visits to farms, barns, and caves 
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FIGURE 5. Percentage of positive reactors to histoplasmin among chil- 
dren, by age, compared to horses, cattle, and sheep, in Boone County, Mo. 
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FIGURE 6. Percentage of positive reactors to histoplasmin, by age, among 
‘children, compared to that of cattle. All were lifetime residents of Shawnee 
aaa Kans.; Boone County, Mo.; and Jackson County, Iowa. 


were undertaken. This possibility that the fungus is carried by birds or 
that birds in some way influence its growth in their environment is still 


a fascinating one, and it will be referred to later in connection with the 
isolation of the organisms from chicken houses. However, it is difficult 
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q 
to see, in view of the distribution of the fungus, how birds could carry 
the organism in their stools without causing the disease to become more 
widespread than it is. It is interesting to note that the flyways for cer- 
tain birds that migrate down the Mississippi valley converge in South 
America in the Amazon basin where histoplasmosis is known to occur. © 
It is obvious that many species of birds fly through the valley and yet 
do not appear to cause the disease in other areas. ; 

Another attractive theory involves the possibility that the fungus 
grows on plants on which it is parasitic. This would tend to limit a 
distribution of the fungus to the distribution of that plant. Studies were 
performed earlier on this subject in cooperation with W. H. Horr* of the 
Department of Botany of the University of Kansas, Lawrence, Kansas. ' 
Very good plant distribution maps are available, and study ofthese maps — 
related to the distribution of histoplasmin sensitivity revealed about 90 
species that tend to be most numerous in the high area and least numerous 
in the low one. Of these species, 37 were eliminated as unlikely, and — 
the remaining 53 were carefully checked to determine the most likely ones 
involved in the growth of the fungus. This study seemed more pertinent 
since experiences in South Africa with sporotrichosis had shown that — 
when the suspected trees were taken into the laboratory and the organ- 
ism grown on them, certain characteristic spores that had not previously 
been described were evolved. These spores provided the investigators 
with a tool that readily identified the fungus in its natural habitat. 
With this in mind we brought into the laboratory 10 of the most common 
of the 53 species and attempted to grow the fungus on them. These 
species included such common ones as poison ivy (Rhus) and elm 
(UImus). F1GURE 7 shows the appearance of Histoplasma growing on a 
small branch of a bush called coralberry that had been placed in a 
Petri dish and moistened with water. The most important observation 
to emerge from these studies was that the growth of the organism appear- 
ed to be limited much more by conditions of temperature and humidity 
in the Petri dish than by the type of substrate on which it was growing. 
Thus, it was found that if too much water was placed in the Petri dish 
and the material floated, the organism grew poorly, if at all. On the 
other hand, if too little water was used or if the material dried up during 
the course of growth, the organism did not grow well or it died. Also, 
if the cultures were put at too high a temperature they did not do too 
well or they died. Similar results were obtained at too low temperatures. 
This led to a study of the organism’s temperature and humidity require- 
ments that appeared, from the previous experiments, to be the limiting 
factors. These experiments are illustrated in TAB LE 1 and show the 
marked control of temperature and humidity on the growth of the fungus. — 


= 
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FIGURE 7. Histoplasma capsulatum growing on wood, 


As seen in this table, the organism grows well only at 100 per cent 


relative humidity and over a relatively limited temperature range, and it 


_ does not grow at very high or low temperatures. 


These findings, of course, made our group considerably weather- 


- minded; studies were undertaken to attempt to correlate the temperature 
and humidity conditions with the area of high histoplasmin sensitivity, 


and it was found, strangely enough, that such correlations can be made. 
In FIGURE 8 are shown the areas in which the average summer tempera 


ture is 70 to 80 degrees and the average annual precipitation 35 to 50 


inches. This is superimposed on the area of high histoplasmin sensitiv- 


4 ity. It may be seen that west of the Appalachian Mountains there is a 


ay mee er Peay eet 


‘reasonable degree of correlation. However, east of these mountains 


there is definitely an area where the temperature and humidity condi- 


tions appear to be satisfactory, but where the fungus does not grow in any 


great quantity — at least insofar as we know. It is true that in northern 
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Virginia, and possibly in Maryland and Pennsylvania and certain other 
areas, there are foci of fairly high sensitivity. However, to the best of 
our knowledge the histoplasmin sensitivity is relatively low in this 
entire area east of the mountains. 


TABLE 1 


EFFECT OF TEMPERATURE AND HUMIDITY ON 
GROWTH OF H. CAPSULATUM 


ao 


Temperatur 


100 98 97 96 93 90 80 76 67 64 
Percent Relative Humidity 


a ania 


| of the United States Weather Bureau at Dubuque, Iowa, who has been 
cooperating with us in more detailed studies of this problem. This 
figure shows the distribution of ‘satisfactory days in the United States 
for 1950, based on the reports of a number of weather stations. A ‘satis- 
factory day under these conditions was one in which temperature varied — 
between 60 to 90° F, and the relative humidity did not fall below 50 per 
cent. It was extremely interesting to see that, concentrated in the area 
of ‘south Missouri and Arkansas, the frequency of ‘satisfactory days is 
highest — at 80. Surrounding these, in'‘successive areas of decreasing 
frequency, are the number of days in that year in which ‘satisfactory 
conditions, as outlined above, existed. The only discrepancy in these 
figures is that the area in which more than 50 days were ‘satisfactory 
encompasses much of the eastern ‘seaboard where histoplasmosis and 
histoplasmin ‘sensitivity are rare. The reason that no intervening break 


In FIGURE 9 are shown more quantitative data drawn up by Paul Becker 
, 


- igaileilanaalar Sta 
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(C.D - High Area of Histoplasmin Sensitivity. 
FZ -Area where Average Summer Temperature is 70-80° F. 
and Average—Annual Precipitation is 35-§Q inches. 


ae 


FIGURE 8. Reproduced by permission from ‘‘Proceedings of the Conference 
_ on Histoplasmosis, 1952,’’ Public Health Monograph No. 39, 1956. 


FIGURE 9. Frequency of satisfactory days based on 60° to 90° F. tempera- 
ture and relative humidity of 50 per cent or more in 1950 (courtesy of Paul 
Becker, United States Weather Bureau, Dubuque, Iowa). 


re 
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in the area occurs is that the records ofthe weather ‘stations in the 
mountains were lacking; accordingly, we could not construct the proper 
cutoff to account for the decrease in satisfactory days that certainly 
occurred in the mountain area. At any rate this does suggest that 
possibly there is some basis for thinking that the weather does play an 
important part in the distribution of histoplasmin sensitivity. 

However, being weather-conscious leads one into some strange 
paths — for instance, I heard one day from the engineer at the hospital 


that the roads in Kansas are so poor because Kansas has the highest — 


frequency of freezing and thawing in the United States. It seemed logical 
to assume that in a central area of the United States this frequency might 
well be highest. As one moved northward one might encounter more or 
less continual freezing and, as one moved southward, less frequent 
freezing and thawing. The pursuit of this information led me on devious 
ways, and I finally spent six months on the problem, corresponding 
with engineers, road men, state road superintendents, and others who 
had been studying the temperature and humidity near ground level and 
thus might have records of the frequency of freezing and thawing. After 
six months of correspondence with various interested persons I was 
able to locate a map (F1GuRE 10) that shows the frequency of freezing 
and thawing in the United States. As one may see, this was a futile 
effort, because the frequency of freezing and thawing tended to corres- 
pond closely with the altitude, which rises steadily from east to west 
with a slight dip in the central river valley. 

It might be pertinent at this time to raise two questions. First, is 
growth in the high area localized or generalized? I shall defer discus- 
Sion of this question until we consider infection of humans. Second, is 


the area really localized? As one may see from FicuRE 11, there are — 
spots and areas of histoplasmin sensitivity in excess of what one might - 


expect in the absence of infection in many areas outside of what we 


should call strictly the high area of histoplasmin sensitivity. I should 


like also to quote the increasing frequency of case reports in Minnesota* 
as an index of the possible prevalence of the disease in an area where 
it either is not supposed to exist or is relatively rare. The first case 
in the United States was reported in 1925 from Minnesota by Riley and 


5 ‘ : ; 
Watson.” The second case in Minnesota was not reported until 19 years © 


later, in 1944. No further cases were reported until 1948 when 7 occur- 
ted — this outbreak being an epidemic. One case occurred in 1951, 38 
cases were reported in 1953, 2 cases in 1954, one case in 1955, and 18 
cases in 1956. By May 24, 1957, 6 cases had been reported. This total 


*Kindly supplied by Herman Kleinmanofthe Minnesota 
of Health, St. Paul, Minn. 


State Department — 


‘d 
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t 
of 46 cases emphasizes the fact that perhaps it is not really infection, — 
but only the relative frequency, that is limited to the high area. Four 
epidemics of histoplasmosis have occurred in Minnesota. 3 
The second great problem that we face is: How is the organism spread 
in the high area or to other areas? This still does not involve the in- 
fection of humans. There are several theories to account for the spread 
of the organism in the high area; the first is that of Loosli and Beaden- 
kopf,© who suggested that the flooding of the areas of the river valleys in 
the central United States resulted in the distribution of the fungus about — 
the river beds, and that, when the rivers went down, the organism dried 
and blew and was disseminated to new foci. Nicholas E. Manos, ” of the 
Air Pollution Medical Program, Division of Special Health Services, © 
United States Public Health Service, Washington, D.C., has proposed — 
that tornadoes are important in spreading the organism from place to 
place and, possibly, in the infection of people. I shall return to this — 
theory later. Finally, 1 have thought that perhaps it is not the tornadoes, ~ 
but simply the prevailing winds, that may be the important vectors in 
the spread of the organism in the high area or to new areas. As shown 
in FIGURE 8, the high area can be delimited by certain conditions of — 
temperature and humidity. From FiGuRE 12 it may be postulated that — 
the absence of infection east of the Appalachian Mountains might well 
be explained by the prevailing winds, which rarely if ever blow across 
the mountains, since the prevailing winds east of the Appalachians are © 
confined to a circular area off the ocean. It is interesting to note that 
the wind does blow perhaps one sixth of the time more or less directly 
east across Virginia and Maryland to the sea. This may account for the 
prevalence of infection in that area. Possibly it also accounts for the 
_ occasional discovery of cases and epidemics as far away as New York 
and Canada. 

We now come to the most interesting part of the discussion: How 
does the fungus infect people? Of course, it seems perfectly obvious to 
most of us that the organism is inhaled by the airborne route, but the 
real question is: Where does it come from? There are two chief theories 
in this regard. 

The first theory is that the fungus is inhaled while being blown about 
in the high area all of the time or at certain times, as appears to be 
true of coccidioidomycosis. Manos is the chief proponent of this theory. 
His studies relate to the spread of histoplasmosis by tornadoes. This 
problem was approached by studying the frequency of reactors to histo- 
plasmin in Naval recruits from within and near areas where tornadoes occur 
— both before and after the occurrence of the disturbances. In FIGURE 
13 are shown the rates of histoplasmin reaction of recruits from Tulsa, 
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FIGURE 11. Percentage of positive reactors to histoplasmin in various areas 
of the United States: composite of available data (from Manos, Ferebee, and 
Kerschbaum, Diseases of the Chest, volume 29, article 6, June 1956). 
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FIGURE 13. The Tulsa tornado (reproduced by courtesy of N. E. Manos). 


Okla., and nearby areas from shortly before, to several months after, a 
tornado in April 1950. It is seen that the men from the surrounding areas 
did not show much change in sensitivity, but thatin the areas where the 
tornado blew there was a steady rise in sensitivity beginning shortly 
before the time of the tornado and continuing for the next six months. 
By this time the rates were approximately those of the surrounding 
area. Manos then went to Mississippi and studied a three-county area 
as shown in FIGURE 14 after a tornado in February 1955. The tornado 
occurred chiefly in Tunica County. As one may see, immediately follow- 
ing the tornado the rates were high in both areas, beginning at 70 to 75 
per cent. On the retests, nine months later, the sensitivity by age has 
increased considerably in Tunica County, but not in DeSoto and Tate 
counties, 

In FIGURE 15 is shown the increase in the percentage of reactors on 
the two tests in individual schools in the three counties. It is interest- 
ing to note that in Tunica County the rates of sensitivity increased 
from 15 to 29 per cent whereas, in DeSoto and Tate counties, the rates 
hardly increased. Manos interprets these data to indicate that perhaps | 
the tornado was instrumental in spreading infection to persons previ- 
ously uninfected. It does, however, appear peculiar that the rates in- 


creased so far to the south in Tunica County, but not at all along the 
tornado course in the other counties. 
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FIGURE 14. Reproduced by courtesy of N.E. Manos. 


The second theory as to how the fungus infects people postulates 
that they are infected from point sources where they come in contact 
with some focal area of fungus growth such as a chicken coop or other 
point source. The most potent argument in this regard centers on the 
epidemics, of which there are now more than 41 reported, ® including 
5 or 6 from foreign countries (FIGURE 16). The epidemics do not nec- 
essarily all occur in the high area of histoplasmin sensitivity. This 
raises the question as to the actual sites where the organism had been 

_ found in nature. Histoplasma capsulatum was originally isolated by 
Emmons from soil,? and his original isolations came from an area about 
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FIGURE 15. Reproduced by courtesy of N. E. Manos. 
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FIGURE 16. Location of epidemics of histoplasmosis in relation to the 
prevalence of histoplasmin sensitivity (reproduced by permission of The Journal 
of Chronic Diseases, volume 5, No. 4, pp. 489 to 503, April 1957). | 


a rodent burrow. TABLE 2 shows the percentage of isolations made by 
our station in relation to the area of histoplasmin sensitivity. One may 


see that among random collections, mostly from the high area of histo- — | 


plasmin sensitivity, only 3 per cent were positive. In the epidemic sites 
the percentage was highest, as12 per cent were found positive. Twenty- 
nine per cent of the soils from the highest areas of histoplasmin sensi- — 
tivity were positive. In association with cases, 9 per cent were posi- 
tive — again highest in the highest area. About 5 per cent of the total 
number — over 1000 soils — were positive. TABLE 3 shows the fre 
quency of isolation by different areas of habitat. These areas are 
divided into caves, silos, storm cellars, and other closed places ~ 
about 3 per cent; wooded areas and stumps along river banks — 5 per 
cent. Around buildings occupied by humansonly 1 isolation was obtained. 
_ Buildings occupied by animals otherthan chickens yielded 8 isolations, 
or 4 per cent. Finally, chicken coops or buildings occupied by fowl 
showed 16 per cent positive. No chicken coops were positive in either 
. of the two lower areas of sensitivity, all of the 22 positives being in 
the area of high histoplasmin sensitivity. Reference to TABLE 4 shows 
the isolations made from chicken houses by the status of their use in 
Boone County, Mo., in a random collection. The astounding fact is that 
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TABLE 2 


PER CENT SOIL ISOLATIONS BY HISTOPLASMIN SENSITIVITY AREAS 


Histoplasmin sensitivity 


Collection 
site 


Total all 
soil collected 
any where 


TABLE 3 


PER CENT SOIL ISOLATIONS BY HISTOPLASMIN SENSITIVITY AREAS 


ek Real sensitivi oe 


10-35 45-55 | 70-90 | -90 
No. 


Cee | vo. | % | 
BA 20 2/32 
lef sp Fl 
Be: 
are: | 


Collection 
site’ 


Wooded areas, 
stumps, and 
river banks 


Buildings 
occupied by: 


| (1) HUMANS 


(2) ANIMALS 
(except 
chickens) 


0/86 
2b19 


1/48 


Pavan [0 [736 | 


ae 
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H. capsulatum was isolated from almost 70 per cent of the unused 
chicken houses, although the number of such unused coops was small, 
whereas the percentage of coops in use that yielded the fungus was 
much smaller. It is quite evident from this that. chicken houses are 
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TABLE 4 


ISOLATION FROM CHICKEN HOUSES 


IN BOONE COUNTY, MO. 


very frequently the habitat of the fungus. Of course it is well known 
that rural dwellers have always had a higher sensitivity than urban 
dwellers. 

One may well question how city children become infected, since 
most of us live in the cities. When one considers a city such as Kansas 
City, Kans., where 66 per cent of the children are infected by age 18, 
one might wonder how chicken coops could play a part in the epidemi- 
ology. , 

Evidence showing that the conversion to a positive histoplasmin 
skin test is not a chance phenomenon is presented in FIGURE 17. This 
figure shows the conversion rates obtained on thousands of Kansas 
City first grade school children over the past seven years. AS one may 
see, the rates are relatively stable, and the rates for Negroes appear to 
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FIGURE 17. ‘Converters’? to histoplasmin, showing the percentage of chil- 
dren whose tests were negative in kindergarten and, one year later, were posi- 


Abe in the first grade — 11,243 white and 2,614 Negro children; a 7-year obser-_ 
vation. 
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to be higher than for whites. We have been investigating this matter 
for several years and have obtained some very interesting information. 
In TABLE 5 are illustrated the results of questioning Kansas City 
children about their farm contacts. It is quite evident from this table 
that, among those who never lived on a farm, only 8 per cent were, 
positive, whereas those who were spending increasing percentages of 
theirlives onfarms showed increasing percentages of positive redactions. 
Similarly as shown in TABLE 6, viSiting on a farm had a similar effect. 


6 W690) OE) 
COMPARISON: OF THE HISTOPLASMIN SENSITIVITY AMONG 


KANSAS CITY CHILDREN WHO LIVED ON FARMS FOR 
VARYING PERCENTAGES OF THEIR LIVES 


Percentage of life lived on farm 


Bieeheane [oso a | oa | ar | ma | 


*One hundred end ninety-four children did not answer this question. 


Va Reproduced by permission of The American Journal of Hygiene, 
volume 65, No. 3, May 1957. 


TABLE 6 
COMPARISON OF THE RELATIONSHIP OF LENGTH OF FARM VISITS 


TO HISTOPLASMIN SENSITIVITY AMONG KANSAS CITY CHILDREN 
WHO HAD NEVER LIVED ON FARMS 


g Length of farm visits (days) 

| | 
| Total No. Tested 2687 1357 791 at S060 5441* 

ee rane (ase [ os 


*Six hundred and thirty-three persons did not answer this question. 


Reproduced by permission of The American Journal of Hygiene, 
volume 65, No. 3, May 1957. 
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Among those who had never visited a farm 5 per cent were positive 
whereas, when length of farm visits increased, the percentage positive 
increased from 7 to 11 to 14 per cent. These results are shown graphic- 
ally in FIGURE 18. It appears that 80 per cent of the positive children 
in Kansas City can be accounted for by this phenomenon of having 


PERCENT POSITIVE TO HISTOPLASMIN 
° 


0 100 200 300 400 500 1000 1500 
ESTIMATED TIME SPENT ON FARMS (IN DAYS) 


FIGURE 18. Relationship of histoplasmin sensitivity to time spent on 
farms — 5- to 6-year-old Kansas City, Mo., school children (reproduced by per- 
mission of The American Journal of Hygiene, volume 65, No. 3, May 1957). 


lived on or visited a farm. One might immediately ask: ‘‘What can one 
infer from these farm visits in regard to animals with which the children 
had contact?’’ My associates and I attempted to answer this, first, by de- _ 
tailed questions conceming each animal and, finally, by a question in — 
which all animals and all possible foci were lumped together. As 
TABLE 7 shows, the children who replied ‘‘No’’ when questioned as to 
contacts with any of these point sources had a greater sensitivity than 
those who answered ‘‘Yes.’’ Knowing that farm visits are so important 
in spreading infection, we eliminated the children who had lived or 
visited on a farm, and then attempted to study the distribution of those 
children who were positive but claimed they had never lived on or 
visited a farm. Interestingly enough, when the schools they attended 
were arranged in order of proximity to ‘‘rural’’ or ‘‘urban’’ areas, it” 
was found that the most rural schools had much higher rates than the 
most urban schools. Actually, as seen in TABLE 8, the 10 most rural 
schools had a rate of 7 per cent, and the 10 most urban had a rate of 
only about one half as much, or 3.4 per cent. This certainly suggests © | 
that the degree of urbanization or contact with rural environment does | 
| 
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TABLE 7 


COMPARISON OF HISTOPLASMIN SENSITIVITY AMONG CHILDREN WHO 
GAVE NO SUGGESTIVE ANIMAL OR POINT SOURCE CONTACTS* 
WITH THOSE WHO GAVE SUCH CONTACT HISTORIES 


Based on Children Who Neither Lived nor Visited on Farms 


Number Per cent 
Number histoplasmin histoplasmin 
tested positive positive 


Had contact with 
A d ce 9? 


*With chickens, pigeons, cows, rabbits, or pigs; or played in chicken coops, 
sheds, or storm cellars. 


SF TABLE 8 


CLASSIFICATION OF SCHOOLS BY “RURAL’’ OR ‘SURBAN’’ CHARACTER 
OF THE SCHOOL DISTRICT INCLUDING THE FIRST TEN AND 
SECOND TEN MosT ‘‘RURAL’’ AND MOST 
‘tURBAN’’ SCHOOLS 


The Children Listed Had Never Lived or Visited on Farms 
and All Lived in Kansas City 


, Rank Total 
= tested 


Second ten schools 


Wes tested | 
a 
oo ee 


Reproduced by permission of The American Journal of Hygiene, 
volume 65, No. 3, May 1957. 


Rural Schools 


Per cent 
positive 


Number 
positive 


Per-cent 
positive 


Number 
positive 


150 Annals New York Academy of Sciences 


influence the sensitivity. In TABLE 9 we pursued further these 
persons, who stated they had never visited or lived on a farm and were 
positive to histoplasmin, into various areas of the city. One may see 
that the northwest area had an exceedingly high rate and was followed 
by the north central, then by the northeast and, finally, by the southern 
areas of the city. When one attempts to correlate the age of dwellings 
with histoplasmin sensitivity in the area there appears to be consider- 
able correlation—the oldest dwellings in the northwest, and the inter- 
mediate in the north central and northeast, whereas the southern areas 
are the newer ones of the city. If the age of the dwelling appeared to be 
of importance, of course, the first thing that occurred to us was whether 
pigeons or other birds might be involved, since this northwest part of 
the city is in proximity to railroad tracks and other places of bird 
harborage. Accordingly, we obtained a history of bird contacts, of 
birds on the roof, and other such data, in this area. AS shown in TABLE 
10, the over-all rate of sensitivity was about 5 per cent. The rate of 
those who said they had sparrows on the roof of the building in which 
they lived was somewhat higher than that of the general average; how- 
ever, it is striking that a considerably higher percentage of positives 
occurred among those who said they had pigeons on the roof. This 
again ties up the situation between histoplasmosis and exposure to 
birds or their excreta. To study the relationship of birds and sensitiv- 
ity further we were forced to shift to another study at Fort Leaven- 
worth, Kans., where we had a history of persons living in a house 


TABLE 9 
SECTION OF CITY IN WHICH 144 CHILDREN POSITIVE TO HISTOPLASMIN 


RESIDED. THESE CHILDREN WERE AMONG 2687 NONADULTS 
WHO HAD NEVER LIVED OR VISITED ON FARMS 


Number Per cent Average 
histoplasmin histoplasmin age of 
positive positive dwellings 


ee 


—s 
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having pigeons on the roof related to the frequency of conversion to 
histoplasmin (TABLE 11). It is striking that the rates among persons 
who had pigeons on the roofs of their houses were more than twice the 
tates of those who gave histories of having no pigeons on their roofs. 
When we investigated further we found that the converters were con- 
centrated in one large building where a large number of children lived. 
This building had three floors and was called the Beehive. 


TABLE 10 


HISTOPLASMIN SENSITIVITY AND BIRDS ON ROOF: 
WHITE CHILDREN WHO HAVE LIVED FOR 
AT LEAST FOUR YEARS AT 
PRESENT ADDRESSES 


Number Number Per cent 
tested positive positive 


Pigeons 


Starlings 


In TABLE 12 is seen the frequency of conversion by floor of the 
building for two different years. During the first year, the third floor of 


_ the building showed eight converters, or 27 per cent. This is striking in 


view of the fact that the only other converter in the building was on the 
first floor. Investigation of the cause of this conversion revealed that 
the third or top floor was next to the attic, which contained many broken 
windows through which pigeons had entered and nested. The interesting 


thing was that during the winter of 1953-1954 holes had been cut in 


we 


the ceiling of the attic and through the various floors to the basement to 
install a sprinkler system. Also, a false ceiling in the attic had been 
removed in order to install this sprinkler system. These changes in- 
volved a great deal of dust, particularly the removal of the false ceiling, 
to which the people on the third floor were the most exposed. Almost a 
third of them converted to histoplasmin. The following winter this situa- 
tion was corrected. No new stirrings of dust occurred in the attic area, 
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and there were only four converters in the building, three of whom lived 
on the first floor. This certainly suggested that the relationship between 


pigeons and histoplasmosis can be supported. ‘ 


TaBLeE ll 


HISTORY OF PIGEONS ON ROOF OF HOUSE RELATED TO HISTOPLASMIN 
CONVERSION AT FORT LEAVENWORTH, KANS., 1953 TO 1955 


ee ee ae 


HISTOPLASMIN CONVERSION RATES BY FLOOR OF BUILDING 
(THE BEEHIVE AT FORT LEAVENWORTH, KANS.) 


TaBLE 12 


Per cent 
of 
converters 


Number 
of 
converters 


Number of 
negatives 
retested 


Reproduced by permission of Public Health Reports, Washington, D.C. 
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We now go further afield to consider variations in sensitivity as ob- 
served in other areas. The next three figures are shown with the kind 
permission of Herman Kleinman and his colleagues. In FicuRE 19 are 
seen variations in sensitivity in the state of Minnesota where, although 
in a relatively low area, the percentage of positive reactors varies from 
none in four of the counties to more than 10 per cent in Carver and 
Hennepin counties in the center of the state. It is evident also that the 
highest sensitivity is not necessarily in the part of the state nearest the 
high area; that is, to the south. In F1GURE 20 are shown marked varia- 


[_ ]o-09% 
fej 1 -2.9 % 
Fag 3-4.9% 
fg 5 -9.9 % 
BE 10 % ond over 


mong life residents of Minnesota, from 


ys conducted from 1954 to 1957 (courtesy of Herman Kleinman, 
Nelson, and O. M. La Croix, of the Minnesota State Dept. of 


FIGURE 19. Histoplasmin reactors a 


county surve 
J. Krovitz, C B. 
Health, Minneapolis, Minn. ). 
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tions in histoplasmin sensitivity in townships in two counties — Becker : 
in the northwest, and Wabasha, in the southeast. It is quite evident 
that the sensitivity, even in these counties, varies considerably, and 
that the townships in the county are notat all alike in their histoplasmin 
sensitivity. Sensitivity for the counties centering about Minneapolis is 


BECKER CO. 


[ Walworth White Eorth Mople Grove 
‘ 


LEGEND 


0 - 4.9°fy 
5 — 14.9377] 


FIGURE 20. Histoplasmin reactors, by townships, 
to 1957 (courtesy of Herman Kleinman, 
Croix, of the Minnesota State Dept. of 


in Minnesota from 1954 
J. Krovitz, C. B. Nelson, and O. M. La 
Health, Minneapolis, Minn. ). 


seen in FIGURE 21. Here again the extreme range of sensitivity within 
an area is quite evident. Obviously, the townships range in sensitivity 
from zero to more than 30 per cent positive. The 30 per cent positive 
area is seen to cluster about the two lakes in the group of counties in 
the southern part of the area. I wish to call attention particularly to Wright 


County, which is in the center of this area in which the sensitivity is 
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most striking in the south and east and lowest in the north and west. In 
Wright County it might be postulated that the sensitivity was related to 
the lakes; however, the lakes are scattered diffusely throughout the area 
and there is no evidence of sensitivity related to them. FicuRE 22 
shows the localized distribution of sensitivity in three townships in 
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FIGURE 21. Histoplasmin reactors, by townships, in Minnesota from 1954 


to 1957 (courtesy of Herman Kleinman, J. Krovitz, C. B, Nelson, and‘“O. M. 
3 La Croix, of the Minnesota State Dept. of Health, Minneapolis, Minn. ). 


_ Wright County. It is quite evident that the sensitivity to histoplasmin is 


of spotty distribution. In some households as many as three or four or 


- five children are negative, and in another household as many as seven 
children are positive. This certainly does not indicate widespread dis- 
tribution of the fungus, but rather localization to some particular area 
such as one comprised of farms. Another evidence of the lack of wide- 
_ spread distribution is shown in F1GURE 23, which shows the townships 


2, Vid kinase 


surrounding the site of an epidemic marked by a star. As may be seen in 


this township, reactors are rare and they bear no relationship to the site 
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ROCKFORD 
eG eat a 


ONE CHILD !N HOUSEHOLD - 
HISTOPLASMIN POSITIVE 


TWO CHILDREN IN HOUSEHOLD- 
2) BOTH HISTOPLASMIN NEGATIVE 


THREE CHILDREN IN HOUSEHOLD- 
@ ONE HISTOPLASMIN POSITIVE 


= : 
ONE MILE 4 


WOODLAND FRANKLIN 


FIGURE 22. Household distribution of histoplasmin reactors in Rockford, 
Franklin, and Woodland townships of Wright County who were lifetime resi- 
dents and who had lived on their present farms for at least five years (repro- 
duced by permission of The American Journal of Hygiene, volume 62, No. 1, 
July 1955). 


of the epidemic. In ricure 24 the distribution of sensitivity by town- 
ship in Baxter County, Ark., indicates that, while the area in general is 
high, there are quite marked variations extending from 27 per cent to” 
more than 90 per cent positive in given townships. In Figure 25 from 
Jackson County, Iowa, the variation of histoplasmin sensitivity is seen 
again. It is interesting to note that the Mississippi River, which might 
be considered to be the source of moisture, is on the right side of the 
map. FIGURE 26 shows again the details of the scattering of positive 
and negative children in this area of relatively low sensitivity. FIGURE — 
27 illustrates the distribution of reactors where two or more occurred in a 
household in Jackson County. As one may see, the dark areas contain 
many reactors; the small squares indicate where two or more children in 
a household were positive. This indicates the scattering of sensitivity — 
throughout the area. The square nearest the river represents a localized | 
| 
| 
; 


area near Bellevue where six children in one family were positive to 
histoplasmin. It is of interest also that the circles on the map are 
_ placed where Histoplasma capsulatum was isolated from the soil. 


~ 
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FIGURE 28 shows the area where 6 positive children occurred in one 
family, as referred toin r1GuRE 27. This is the area of Bellevue, which 
is on the Mississippi River. The numeral 1 on the map indicates the 
weather station at the locks of the river dam; the numeral 3 marks the 
residence of a man who had 6 positive children; and the numeral 2 indi- 
cates the residence of his brother, who had 7 children, all of whom were 
negative to histoplasmin. The striking situation of these families, 

“which are about a mile apart across a ridge, led us to further investi- 
gation. As may be seen, farm No. 2 with the negative children was 
‘situated near the river, whereas the other one was inland. Actually farm 


: MAPLE LAKE 


TWO CHILDREN IN HOUSEHOLD-BOTH HISTOPLASMIN NEGATIVE 
THREE CHILDREN IN HOUSEHOLD-ONE HISTOPLASMIN POSITIVE 


$k SITE OF EPIDEMICS OF 1948 AND 1953 


3 ONE CHILD IN HOUSEHOLD-HISTOPLASMIN POSITIVE 


FIGURE 23. Household distribution of histoplasmin reactors in Maple Lake 
Township, Wright County, who were lifetime residents and who had lived on 
their present farms for at least five years (reproduced by permission of The 

American Journal of Hygiene, volume 62, No. 1, July 1955). 
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No. 3 was on the southern edge of a slope, and a spring-fed creek ran 
through this farm right beside the house. The family had a spring house 
on this stream. It was therefore very damp all around the house and 
barn. No Histoplasma could be isolated, however, from the premises. 
Again with the cooperation of Paul Becker of the United States Weather 
Bureau, we decided to study local climatologic conditions in this area 
that might influence the occurrence of this striking difference in histo- 
plasmin sensitivity. Accordingly, weather observations were set up in 
the chicken house and yard of both the low and high houses in the hope 
of finding marked differences inthe two areas, if such occurred. First, no 


ooo oe 
SRK 


FIGURE 24. Histoplasmin sensitivity among lifetime-resident school chil- 
dren, by township, in Baxter County, Ark., in the spring of 1955. 
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MEAN AGE II YEARS 
STANDARDIZED FOR AGE 
450-500 PERSONS TESTED 
IN EACH AREA 


FIGURE 25. Histoplasmin sensitivity in Jackson County, Iowa (repro- 
. duced by permission of The American Journal of Hygiene, volume 62, No. 3, 
November 1955). 


BUTLER 


@ ONE CHILD IN HOUSEHOLD-HISTOPLASMIN POSITIVE — 
@ TWO CHILDREN IN HOUSEHOLD-BOTH HISTOPLASMIN NEGATIVE 
@® THREE CHILDREN IN HOUSEHOLD-ONE HISTOPLASMIN POSITIVE 


FIGURE 26. Reproduced by permission of The American Journal of Ay- 
giene, volume 62, No. 3, November 1955. 


differences in precipitation could be detected at the two farms. A com- 
n of the relative humidity frequencies is shown in FIGURE 29. 
This figure shows the frequency in hours of relative humidities of 95 per 
cent or more at the two farms. The 2y line represents the observations 
in the yard of farm No. 2, and the 2h line represents the observations in 
the chicken house on farm No. 2; similarly, for the yard and chicken 


pariso 
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SHADED AREAS HAVE HIGH PREVALENCE OF HISTOPLASMIN REACTORS - The fraction represents 
number reacting over number tested. 

® FARMS WITH TWO OR MORE CHILDREN IN HOUSEHOLD, ALL OF WHOM REACT TO HISTOPLASMIN 

© HISTOPLASMA CAPSULATUM ISOLATED FROM SOIL SAMPLES AT THESE PLACES 


FIGURE 27. Histoplasmin reactors in Iowa school children. Map of Jack- 
son County showing areas of concentration of histoplasmin reactors and places 
where the fungus was isolated from the soil. Reproduced by permission of 
The American Journal of Hygiene, volume 62, No. 3, November 1955. 


FIGURE 28, Courtesy of Paul Becker, United States Weather Bureau, 
Dubuque, Iowa, 


Figure 30d, most of the findings are in the hilar lym 
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May June —_— July Aug, Sept. Oct. Nov. 
Total 
Hours 


2218 


2233 


2185 


y = yard 
h = chicken house 770 


Hours over 95% RH. 1955 


FIGURE 29. Courtesy of Paul Becker, United States Weather Bureau, 
Dubuque, Iowa, 


house at farm No. 3 (the farm of the brother whose children all showed a 
positive histoplasmin test). The marked similarity in the frequency of 
hours of satisfactory conditions for the growth of Histoplasma throughout 
the summer season, running from May to November in the four locations, 
may be seen. The lowest frequency of satisfactory hours was in the 
chicken house on the infected farm, which is contrary to expectation. 


_ We have now completed two years of similar observations and have come 


to the conclusion that we can find no marked differences between the 
two farms in the prevalence of rainfall or satisfactory conditions for the 


growth of Histoplasma capsulatum. 
All these observations suggest that the fungus grows in localized 


2 spots only and may infect people in the immediate areas. This leads to 
the question whether most. infections actually represent epidemics in 
miniature, with one or more persons exposed to a point source. The 


variability of the clinical findings and the X-ray pictures from single 


q epidemics would support this: possibility. Examples of the variability 
in X-ray pictures from a single epidemic are shown in FIGURES 30a, 


b, c, and d. FicureE 30a shows typical miliary lesions of the epidemic 
type of disease. In FIGURE 30b the picture is not nearly so marked 
while, in r1cuRE 30c, there are only occasional lung lesions and, in 
ph nodes. The 


latter two figures certainly simulate the clinical picture seen quite 


* 3 frequently in sporadic histoplasmosis infections. 
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FIGURE 30. FIGURES 30a and 30b are reproduced by permission of the 
Southern Medical Journal, volume 49, No. 8, August 1956, 


Summary 


The present theory is that the fungus H. capsulatum appears to be 
limited to its present geographic zone by conditions of temperature and 
humidity. The fungus is Spread throughout this and adjacent areas by 
the prevailing winds and, occasionally, by tornadoes. It grows in local- 
ized places where the microclimatic conditions of temperature and 
humidity are satisfactory and not in any generalized manner. Finally, 


it appears to infect people who come to these localized ‘sites and inhale 
the spores growing there. 
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